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NIGNET is a network of Continuously Operating Reference Stations (CORS) of GNSS (Global 
Navigation Satellite Systems) stations established in 2009 by the Federal Government of Nigeria 
through the Office of the Surveyor General of the Federation (OSGoF), which is the office 
charged with the Surveying and Mapping in Nigeria. Presently, the network consists of twelve 
(12) stations established with a good geographic distribution. 
The principal objective of this research project is to assess the data quality of NIGNET Network 
by processing the data and analysing the derived Time Series. This was done by evaluating the 
errors on the Time-Series and by computing the relative motions, using different plate tectonic 
models with respect to (w.r.t.) Nubia plate.  
 
Keywords: 





































Table of Contents 
Dedication............................................................................................................................. .iii 
Acknowledgments................................................................................................................ .v 
   
Abstract................................................................................................................................. vii 
 
Contents................................................................................................................................ ix  
 
List of Figures....................................................................................................................... xiii 
 
List of Tables........................................................................................................................ xvi 
 
Acronyms..............................................................................................................................  xix 
 
 
Chapter 1: Introduction ..................................................................................................... 1   
1.1 Objectives..................................................................................................... 4 
                    1.2 The Geology of Nigeria............................................................................... 5 
                    1.3 State of the Art on  Geodynamics activities in Nigerian............................. 6 
                          1.3.1 Ifewara – Zungeru Megalineament..................................................... 6 
                          1.3.2 Subdsidence in the Coastal Region of Nigeria................................... 7 
 
Chapter 2: Methodoloy........................................................................................................9 
                    2.1 GPS Observables ........................................................................................ 9 
                          2.1.1 Pseudo (Code) Measurements.............................................................10 
                        2.1.2 Phase Measurements........................................................................... 11 
                    2.2 Earth and Observation Models.................................................................... 12 
                          2.2.1Types of Errors and Modeling............................................................. 12 
     2.2.2 Classification of Errors ...................................................................... 14 
2.3 Nignet (GNSS) Network............................................................................. 16 
2.3.1 Instrumentation................................................................................... 17 
                          2.3.2 Site Selection and Installation............................................................ 18 
                          2.3.3 The Geology of the Stations............................................................... 18 
x 
 
                    2.4 GIPSY Processing Software........................................................................ 20 
                           2.4.1 Fiducial Free Approach..................................................................... 20 
                           2.4.2 Orbit and Associated Parameters....................................................... 20 
                           2.4.3 Processing Strategies......................................................................... 21 
                           2.4.4  Ambiguity Resolution....................................................................... 23 
 
Chapter 3: Results and Analysis........................................................................................ 24 
                    3.1 Error Analyis................................................................................................ 24 
                          3.1.1 Error Analysis Technoques................................................................. 25 
                          3.1.2 Maximum Likehood Estimation......................................................... 26 
                          3.1.3 Data Gaps........................................................................................... 26 
3.2  Results......................................................................................................... 27 
3.2.1 Velocity Map of Nigeria.................................................................... 30 
                    3.3 Computation and Comparison of estimated relative motions (with respect to the 
Nubia plate) of all GNSS stations in the NIGNET network using different 
tectonic plate models................................................................ .................. 31                         
                          3.3.1 Computation of estimated relative motions of NIGNET Network using 
HS2 NUVEL – 1A Model……………………………………….. 32 
                       3.3.2 Computation of estimated relative motions of NIGNET Network   using 
                                MORVEL 2010 Model…………………………………………………. 33 
                          3.3.3 Computation of estimated relative motions of NIGNET Network using 
GEODVEL 2010 Model……………………………………………….. 34  
3.3.4 Comparison between Observed (GPS) versus relative motions Computed 
using HS2 NUVEL – 1A Model………………………………….. 35 
3.3.5 Comparison between Observed (GPS) and MORVEL 2010 Model  
  from computed residuals………………………………………… 37 
 
3.3.6 Comparison between Observed (GPS) and GEODVEL 2010 Models  
              from computed residuals………………………………………… 38 
 
3.3.7 Comparison between Observed (GPS), HS2 NUVEL -1A, MORVEL 
2010 and GEOD VEL 2010 Models……………………………… 39 
3.3.8 Mean average residuals between Observed (GPS) and Model........ 39 
xi 
 
3.3.9 Comparison between MORVEL 2010 and GEODVEL 2010 Models  
from computed residuals…………………………………………. 40 
 
3.3.10 Comparison between HS2 NUVEL -1A and MORVEL 2010 Models  
  from computed residuals………………………………………… 42 
   
                       3.4.11 Comparisons between HS2 NUVEL -1A and GEODVEL 2010 Models            
                                  from computed residuals………………………………………….. 43 
 
 
                       3.4.12 Comparisons between the three (3) Models………………………..44 
 
3.4.13 Total Mean average residuals between different Models……….. 45 
 Chapter 4:Recommendations and Conclusion .............................................................. 46 
                    4.1 Conclusions................................................................................................. 46 
                    4.2 Recommendations....................................................................................... 47 
             
A. Nignet (GNSS) Network stations Time Series............................................................. 50 
A.1 Station BKFP Time Series.............................................................................................. 50 
A.2 Station CGGTTime Series.............................................................................................. 51 
A.3 Station FUYT Time Series............................................................................................. 52 
A.4 Station GEMBTime Series..............................................................................................53 
A.5 Station OSGF Time Series.............................................................................................. 54 
A.6 Station RECT Time Series.............................................................................................. 55 
A.7 Station RUST Time Series.............................................................................................. 56 
A.8 Station ULAG Time Series............................................................................................. 57 










B.Computation and Comparison of estimated relative motions (with respect to the Nubia 
plate) of all GNSS stations in the NIGNET network using different tectonic plate  
models…………………………………………………………………………………….. 60 
 
 B.1 Comparison between Observed (GPS) versus relative motions Computed using 
 Observed (GPS) versus MORVEL 2010 Model………………………………………….. 60 
B.2 Comparison between Observed (GPS) versus relative motions Computed using 
 Observed (GPS) versus GEODVEL 2010 Model………………………………………… 61 
B.3 Comparison of computed estimated relative motions of NIGNET Network between HS2 
NUVEL – 1Aversus MORVEL 2010 Models…………………………………………….. 62 
B.4 Comparison of computed estimated relative motions of NIGNET Network between  





















List of Figures 
1.1: Map of Nigeria showing 36 States Boundaries and Federal Capital City...................... 1 
1.2: Map of Nigeria showing NIGNET Network................................................................. 2 
1.3a, 1.3b & 1.3c Time Series plot of CGGT Station in NIGNET Network....................... 4 
1.4: Geologic Map of Nigeria................................................................................................ 6 
1.5:Generalized Geologic Map of Nigeria showing position of Ifewara-Zungeru Megalineament                                                                         
      Structure........................................................................................................................... 7 
1.6: Administrative Map of Nigeria showing some coastal states in red code...................... 8 
2.1: GPS Observable.............................................................................................................. 10   
2.2: Diagram on Phase measurement..................................................................................... 11 
2.3: Trimble NetR8 Receiver and Choke Ring Antenna....................................................... 17 
2.4: Digital Map of Nigeria showing Geologic settings, faultline, major rivers and eleven(11)       
       existing Nignet Network sites......................................................................................... 18  
2.5: Flowchart showing processing structure in GIPSY (PPP)............................................. 22 
3.1: Power Spectrum of the GPS residuals in the North compnent....................................... 25 
3.2: Time Series of Station ABUZ........................................................................................ 27 
3.3: Horizontal velocity map of NIGNET Network produced from final results................. 30 
3.4: Residuals between observed and HS2 NUVEL -1A Model.......................................... 36  
3.5 Residuals between observed and MORVEL 2010 Model................................. ............ 37 
3.6: Residuals between observed and GEODVEL 2010 Model........................................... 38  
3.7: Comparisons of residuals between observed and the three(3) Model............................ 39 
3.8: Residuals between MORVEL 2010 and GEODVEL 2010 Models............................. 41 
3.9: Residuals between HS2 NUVEL -1A and MORVEL 2010 Models........................... 42 
3.10: Residuals between HS2 NUVEL -1A and GEODVEL 2010 Models........................ 43 





A1: Station BKFP Time Series............................................................................................. 50 
 
A2: Station CGGT Time Series............................................................................................. 51 
 
A3: Station FUTY Time Series............................................................................................. 52 
 
A4: Station GEMBTime Series............................................................................................. 53 
 
A5: Station OSGFTime Series.............................................................................................. 54 
 
A6: Station RECT Time Series............................................................................................. 55 
 
A7: Station RUST Time Series............................................................................................. 56 
 
A8: Station ULAG Time Series............................................................................................ 57 
 












































Lists of Tables 
2.1: Some important information on NIGNET Network sites…………………………….. 19 
3.1: Results of NIGNET Network showing computed values for sigma index, power  
       Law, white noise, velocity and velocity errors in each station……………………….. 29 
3.2: Computed estimated relative motions of NIGNET Network using HS2 NUVEL -1A  
       Model…………………………………………………………………………………. 32 
3.3: Computed estimated relative motions of NIGNET Network using MORVEL 2010  
       Model…………………………………………………………………………………. 33 
3.4: Computed estimated relative motions of NIGNET Network using GEODVEL 2010  
       Model…………………………………………………………………………………. 34 
3.5: Computed residuals between observed (GPS) and HS2 NUVEL -1A Model………… 35 
3.6: Computed residuals between observed (GPS) and GEODVEL 2010 Model……….... 39 
B1: Computed residuals between observed (GPS) and MORVEL 2010 Model…………... 60 
B2: Computed residuals between observed (GPS) and GEODVEL 2010 Model………..... 61 
B3: Computed residuals between HS2 NUVEL -1A and MORVEL 2010 Models……...... 62 













































ABUZ               Ahmadu Bello University Zaria  
AFREF             African Reference Frame 
BKFP               Birnin Kebbi Federal Polytechnic 
CGGT              Centre for Geodesy and Geodynamics Toro 
CLBR               Calabar 
CODIST           Committee on Development Information Science and Technology 
CORS               Continuously Operating Reference System 
CPU                  Central Processing Unit 
DEOS               Department of Earth Observation and Space System 
FN                     Fiducial Network 
FUTY               Federal University of Technology Yola 
GEODVEL      GEODEsyVElocity 
GPS                  Global Positioning System 
GSM                 Global System for Mobile Communication 
IGS                   International GNSS Service 
ITRS                 International Terrestrial Reference Frame 
JPL                   Jet Propulsion Laboratory 
MDGR             Maiduguri 
MGC                Migmatite Gniess Complex 
MORVEL        Mid Ocean RidgeVElocity 
NASA               National Aeronautics and Space Administration 
NIGNET          Nigeria Network 
NUVEL            Northwest UniversityVElocity 
xx 
 
OSGOF            Office of the Surveyor General of the Federation 
PPP                   Precise Point Positioning 
RUST               River State University of Science and Technology 
ULAG              University of Lagos 
UNAVCO        University NavStar Consortium 
USB                  Universal Serial Bus 
UNECA            United Nations Economic Commission of Africa 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xxi 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xxii 
 
 
 
